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, INTRODUCTION 

l h e  use of spark source mass spectrometry f o r  t h e  ana lys i s  o f  environ- 
mental ly  important e lements  found i n  coal and f l y  ash i s  descr ibed.  S i g n i f i c a n t  
improvement i n  t h e  accuracy and prec is ion  of t h e  method has  been accomplished by 
use o f  i so tope  d i l u t i o n  methods f o r  s e v e r a l  elements i n  a sample. As many a s  20 
elements have been s imultaneously determined i n  c e r t a i n  energy-related samples 
us ing  multielement i so tope  d i l u t i o n  SSMS. The prec is ion  and accuracy are  t y p i -  
c a l l y  +5-10% RSD f o r  elements present  a t  g r e a t e r  than  1 p a r t  per  mi l l ion  i n  the 
sample. 

For those samples which a r e  d i f f i c u l t  t o  d i sso lve  c leanly ,  it i s  not  pos- 
s i b l e  t o  apply t h e  c l a s s i c a l  i so tope  d i l u t i o n  technique.  Rather, t h e  dry mater ia l  
i s  mixed with a ' sp iked '  conducting matr ix  containing separa ted  i so topes  o f  t h e  
elements o f  i n t e r e s t .  This method combines ease  o f  sample handl ing with c e r t a i n  
d e s i r a b l e  aspec ts  o f  separa ted  isotopes--fiamely t h e i r  freedom from contamination 
e f f e c t s .  
pends on t h e  use of appropr ia te  s tandards.  

Here t h e  p r e c i s i o n  obtained i s  t y p i c a l l y  10-15% RSD and t h e  accuracy de- 

EXPERIMENTAL 

For an i so tope  d i l u t i o n  a n a l y s i s ,  the fol lowing s t e p s  a r e  taken:  

1. 
2 .  
3. I so topic  e q u i l i b r a t i o n  by chemical o r  thermal means. 
4 .  Mass spec t romet r ic  ana lys i s .  

Complete d i s s o l u t i o n  of  t h e  sample i n  a h igh  p u r i t y  ac id  (HNO 
Addition of a c c u r a t e l y  s tandard ized  separa ted  i so tope  ' spikes?:  

HC1). 

The important s t e p  is number t h r e e ,  because i t  is  assumed t h a t  once e q u i l i b r a t i o n  
has  occurred, t h e  separa t ion  o r  concentrat ion s t e p s  t h a t  follow need not  be  quant i -  
t a t i v e l y  known. It i s  a l s o  assumed t h a t  t h e  e q u i l i b r a t e d  sp ike  and sample i so topes  
w i l l  behave i n  an i d e n t i c a l  fash ion ,  both chemically and i n  t h e  ion source o f  t h e  
mass spectrometer .  

Coal and f l y  ash a n a l y s i s  by t h i s  method depends upon sample d i s s o l u t i o n .  
Unfortunately, t h e  a c i d s  requi red  t o  completely d isso lve  t h e s e  mater ia l s  (HF, H C l O  , 
H SO4) a r e  d i f f i c u l t  t o  obta in  i n  a pure form and a l s o  produce undesirable  molecul%r 
i%n spec ies  i n  the  spark  source.  
sure bomb (Parr Instrument Co.) using HNO 
s p e c i e s  a re  u s u a l l y  n o t  so luble  under the2e condi t ions.  
NaOH fusion followed by HC1 t reatment  produced c l e a r  s o l u t i o n s ,  but  these contained 
an unacceptable amount o f  NaCl which gave r i s e  t o  mass s p e c t r a l  i n t e r f e r e n c e s .  

*Operated f o r  t h e  U. S. Energy Research and Development Administration under con- 
t r a c t  w i t h  t h e  Union Carbide Corporation. 

High pressure d isso lu t ion  i n  a t e f l o n  l i n e d  pres-  
and HC1 has  been t r i e d ,  bu t  s i l i c a t e  

Other  methods, such as  
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Because o f  t he  d i f f '  u y of d i s so lv ing  t h e s e  mater ia ls ,  a dry mixture 
technique was developed, "-" which involves t h e  use of  a ' sp iked '  matr ix  mate- 
r ia l  such as high p u r i t y  Ag o r  graphi te .  Separated isotopes of  t h e  elements o f  
i n t e r e s t  were d r i ed  from so lu t ion  onto t h e  matr ix  and vigorous shaking i n  a b a l l  
m i l l  ensured homogeneity. 
determine the  blank l e v e l s  and w a s  then mixed with s tandards (NBS SRM 1632 Coal 
o r  1633 F ly  Ash) t o  determine t h e  amount of each i so tope  added. This s tandard-  
i z a t i o n  a l so  provided any r e l a t i v e  s e n s i t i v i t y  correct ions which were necessary 
i n  t h i s  technique. 

This  spiked matrix was analyzed alone i n  o rde r  t o  

Table I shows the  composition o f  a spiked Ag matr ix  (99.9999% pure Ag 
Cominco American, Inc.)  which was used i n  the  ana lys i s  of  coal ( a f t e r  ashing at 
500°C i n  a i r  t o  remove t h e  organics) as w e l l  as f l y  ash.  
were usual ly  minor ones i n  na tu re  which were highly enriched and chosen t o  be 
f r ee  of  spec t r a l  i n t e r f e rence .  

The i so topes  chosen 

The instrumental  ope ra t ing  parameters a r e  summarized below: 

Instrument : AEI MS-702R with photographic p l a t e  detect ion.  
Spark conditions:  
Vacuum: Source <1 x 10 t o r r ;  analyzer  2 x 10 t o r r .  
Photoplate: 
Development : 3 minutes i n  conc. D-19. 

30 kV r f ;  100 pylses  p e r  second, 25 uscg pu l se  length .  

I l f o r d  Q2 o r  Kodak SWR. 

A photoplate  da t a  reduct ion s y s y q  was used which u t i l i z e d  a minicomputer i n t e r -  
faced with a microdensitometer. The computer accepts  d i g i t i z e d  o p t i c a l  t r a n s -  
mittance da ta  as t h e  densi tometer  scans over a l i n e .  It then computes peak he igh t  

s to red  ca l ib ra t ion  curve (Churchill  two-line c a l i b r a t i o n  method 
(ion) i n t e n s i t i e s  are employed i n  t computer code t o  ob ta in  elemental  concentra- 
t i o n s  according t o  the  Hintenberger") isotope d i l u t i o n  equation. 

corrected f o r  background and converts t h i s  i n t o  r e l a t i v e  (ion) 

The concentration of  t h e  element being measured i s  obtained from the  follow- 
ing  equation. 

where x = weight of element i n  the  sample. 

y = weight o f  element i n  the  t r a c e r  sp ike .  

R = isotope r a t i o  of  t h e  sp ike ,  reference isotope 
t EB,CFentZoI%Zo' e R = isotope r a t i o  o f  t h e  mixture,  tracer isoEo . m 

R = isotope r a t i o  of  t h e  sample, reference t r a c e r  isotope * 

A = atomic weight of  t h e  sample element. 

A = atomic weight o f  t he  t r a c e r .  t 
T = atom % o f  t h e  sp ike  isotope i n  the  tracer. 

S = atom % of t h e  sp ike  isotope i n  t h e  sample. 
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The terms: A , A , T, S, R , R t ,  and y a re  usua l ly  known i n  advance, and 
s i n c e  R 
and acc%acy on the  o r d e r  o f  5% for  t r a c e  element determinat ions.  After  equi l ib-  
rium between sp ike  i so tope  and sample reference i so tope  i s  obtained,  q u a n t i t a t i v e  
r e s u l t s  are assured by isotope d i l u t i o n  even when a low y ie ld ing  chemical p u r i f i -  
ca t ion  i s  required.  

can be veay atccurately ;easured, it i s  not  unusual t o  obta in  prec is ion  

RESULTS A N D  DISCUSSIONS 

Table I1 shows r e s u l t s  f o r  NBS SRM 1632 using t h e  dry sp ike  technique,  with 
SRM 1633 a c t i n g  as t h e  s tandard.  The r e s u l t s  agree within experimental p rec is ion  
f o r  a l l  elements shown. I t  w a s  poss ib le  t o  analyze a number of o t h e r  elements by 
t h e  same technique, provided t h e  concentrat ion i n  t h e  s tandard  was known with some 
c e r t a i n t y .  In a l l ,  twelve elements a r e  rout ine ly  repor ted  i n  coal by t h i s  method 
with a prec is ion  and accuracy of  about t15% RSD. 

Any ana lys i s  o f  coal o r  f l y  ash by SSbS is  subjec t  t o  mass s p e c t r a l  i n t e r -  
ference a r i s i n g  from t h e  major elements present .  These include S i ,  A l ,  T i ,  Mg, 
Fe, Na, K and S. Combinations of  these  elements, oxiges ,  s i l i c a t e s  and ch lor ides ,  
as wel l  as molecular ions  from the  matr ix  element (Ag , Ago ) must a l l  be  con- 
s idered  f o r  t h e i r  p o t e n t i a l  e f f e c t  on the p a l y s i s i  Zertain elements a re  general ly  
always i n t e r f e r e d  with (Co by Ago ), while o t h e r  i so topes  a r e  only 
occasional ly  a f fec ted .  
the  ana lys t  should cons ider  using separat ion and concentrat ion methods t o  e l iminate  
poss ib le  i n t e r f e r e n t s .  

by CaF' and Sb 
Therefore ,  i f  a small number of  elements i s  t o  b e  analyzed, 
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Table I 

Spiked S i l v e r  for Coal and Fly Ash Analysis 

Nominal 
Element Isotope Enrichment Concentration 

Pb 204 99.7 10 PPm 
T1 203 94.9 5 
Ba 1 35 93.6 50 
Te 125 91.2 10 
In 113 96.4 5 
Cd 111 91.3 5 
Mo 97 94.3 5 
Sr 86 95.7 100 
Se 77 94.4 10 
Zn 67 89.7 30 
cu 65 99.7 30 
N i  61 99.5 30 
Fe 57 93.6 100 
C r  53 96.4 30 
K 41 99.4 200 

Table I 1  

Analysis o f  SRM 1632 Using S W  1633 as Standard 

Element 

T1 
Pb 
Cd 
Zn 
cu 
N i  
C r  

Conc. i n  ug/g f R S D  

0.6 ? 0.2 

0.4 f 0.2 
33 f 3 

32 f 8 
15 t 3 
15 f 3 
19 f 3 

NBS C e r t i f i e d  

0.59 f 0.03 

0.19 ? 0.03 
30 t 9 

37 f , 4  
18  f 2 
15 f 1 
20.2 f 0.5 
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